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INTRODUCTION
Our experience, memories, and knowledge have modulatory influence on how we perceive the
world. Top-down expectancies are supposed to be implemented as templates in our minds. Mental
templates are compared against the current sensory input, which can match or mismatch with the
aim of minimizing prediction error (Friston, 2005).
But what are the underlying neuronal mechanisms leading to the activation of mental templates
and their comparison with sensory input, i.e., predictive coding? Biasing sensory processing by
expectancies has been strongly associated with prefrontal brain activity influencing responses in
visual cortex (e.g., Summerfield et al., 2006; Olivers et al., 2011; Spaak et al., 2015). Moreover,
electrophysiological evidence gathered in patients with prefrontal cortex lesions (Yago et al.,
2004) suggests that the prefrontal cortex acts with excitatory drive on extrastriate cortex within
three time windows during template matching in visual attention tasks: as early as 100ms after
target onset through selection of spatial locations; during the analysis of non-spatial features of
attended objects around 250ms after target onset; and in a later phase around 300ms during
which discrimination and template matching occur. This recurrent prefrontal drive on higher
visual areas can be interpreted as top-down reactivation of target memory traces, thus, the
activation of a mental template that needs to be compared to visual input (Desimone and Duncan,
1995).
A common way of analysing interregional transfer of neural signals in the human brain is
by means of coherent oscillatory brain activity. Rhythmical brain activity as recorded with the
electroencephalogram (EEG) is an indicator for locally highly synchronized neuronal activity. If
two distant brain areas are functionally coupled, it is assumed that a higher level of coherent,
synchronous neuronal activity can be found between these distant areas than one would expect
from chance. Comprehensive work by von Stein and co-workers suggests that long-range
interaction between prefrontal and posterior cortices necessary in top-down control of cognitive
processes is reflected by neural activity resonating in large-scale networks and therefore oscillating
at rather slow frequencies: so called theta and alpha oscillations (von Stein et al., 1999, 2000;
von Stein and Sarnthein, 2000). In humans, coherent, synchronous prefrontal to parietal brain
oscillatory activity particularly in slower frequency bands (around 5 and 10Hz) has been observed
when a high level of top-down activity is necessary in a range of different visual tasks (see Sauseng
and Klimesch, 2008; Sauseng et al., 2010 for reviews). Long-range communication in the monkey
brain has also been attributed to rather slow oscillatory activity (in the theta and delta frequency
range) whereas it has been suggested that local, fast rhythmical cortical activity (in the gamma
frequency band) is associatedmore strongly with bottom-up visual processing (Bruns and Eckhorn,
2004; Eckhorn et al., 2004; Bastos et al., 2015; Zheng and Colgin, 2015).
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WHAT IS THE BRAIN OSCILLATORY
SIGNATURE OF PREDICTIVE CODING?
There is a large body of evidence that coherent gamma activity
in the visual system is associated with binding of visual features
in perception (Singer and Gray, 1995; von der Malsburg, 1999;
Fries et al., 2007; Singer, 2009 see also Conci et al., 2004), and
gamma band activity might be relevant for bottom-up as well
as for top-down visual processes (Engel et al., 2001). This idea
has been applied to template matching in a theoretical model
(memory match and utilization model; MUM) put forward
by Herrmann et al. (2004). The MUM suggests two distinct,
sequential oscillatory patterns in the brain’s response to visual
stimuli: The first evoked gamma band response (phase-locked
to stimulus onset) at around 100 to 150ms after stimulus
presentation reflects the matching of mental templates to visual
input. Next, an induced gamma band response (with jittered
phase in relation to stimulus onset) in a time window around
300ms post-stimulus is related to the usage of this matched
information for later, higher cognitive processes. However, the
evidence for MUM with regard to memory matching mostly
pertains to how semantic knowledge represented in long-term
memory affects visual feature binding. An open question is
whether there would be a comparable matching process reflected
by evoked, phase-locked gamma activity in a visual attention or
search task, where a mental template has to be held in short-
term memory. To our knowledge, so far there is no evidence
supporting MUM when information held in short-term or
working memory rather than in semantic long-term memory
needs to be matched with sensory input.
Sauseng et al. (2008, 2010) put forward a conceptual
model which integrates top-down working memory processes as
associated bymeans of fronto-parietal theta activity with bottom-
up visual processing manifested by gamma activity in visual
areas. They suggested that holding a mental template in mind
would increase fronto-parietal phase synchronization (coupling)
at theta frequency in time intervals during which a certain visual
input is expected (Sarnthein et al., 1998; Sauseng and Klimesch,
2008; Griesmayr et al., 2014). This could reflect the reactivation
of a memory trace in working memory, monitored by prefrontal
cortex and replayed into higher visual areas. Around 100ms
after onset of visual input (target presentation), posterior theta
oscillations would reset their phase. This local resetting of theta
phase enables a transient synchronization with high frequency
activity in the gamma band range in a time window between 100
and 200ms post-stimulus. Transient synchronization between
theta and gamma phase in posterior parietal cortex has been
found to be significantly stronger in trials where expectancies
(mental templates) and visual input were matched, i.e., in valid
or congruent trials compared to when the template did not match
the presented visual target (invalid or incongruent trials; Sauseng
et al., 2008; Holz et al., 2010). This suggests that transient parietal
phase synchronization between theta and gamma oscillations
reflects the integration of top-down controlled mental templates
with bottom-up visual processing. The time window around
150ms post-stimulus for this process to take place is in good
agreement with MUM. The major difference, however, is that
matching between basic semantic memory and visual input
does not require activation of a long-range fronto-parietal theta
network. Therefore, there is no necessity for matching incoming
visual information with a working memory trace, as reflected
by theta activity. Instead, evoked gamma band response as
suggested in theMUMwould be sufficient for matching semantic
knowledge with visual input. However, as soon as a mental
template needs to be actively held in working memory, in the
alternative model this is achieved via activity of a fronto-parietal
theta network; and only the synchronization of theta and gamma
at the brain sites where it comes to a spatial overlap between
these two oscillations will allow the matching of top-down and
bottom-up information.
THETA:GAMMA PHASE COUPLING—THE
NEURAL MARKER OF PREDICTIVE
CODING?
Recently it has been shown that retention of multiple items in
short-term memory and control of working memory functions
are also associated with synchronization between theta and
gamma oscillations (Canolty et al., 2006; Sauseng et al., 2009;
Axmacher et al., 2010; Griesmayr et al., 2010; Kamiñski et al.,
2011), and so are processes of context binding in episodic long-
term memory (Friese et al., 2013; Staudigl and Hanslmayr, 2013;
Köster et al., 2014). This clearly shows that theta:gamma phase
coupling is not an exclusive neural marker for predictive coding
alone. Cross-frequency coupling plays an important role in a
variety of cognitive processes (Jensen and Colgin, 2007; Jirsa and
Müller, 2013); and predictive coding can also be reflected by
coupling (phase as well as amplitude) of frequencies other than
theta and gamma oscillations, or can be associated with a range
of other neural processes (Huang and Rao, 2011; Seth et al., 2012;
Spaak et al., 2015). Thus, the underlying neural dynamics might
strongly depend on the particular cognitive task in question. It
seems that for visual search, where a template needs to be held
in working memory, theta:gamma coupling is a strong candidate
for the neuronal signature of predictive coding, though.
HOW TO INVESTIGATE WHETHER
EVOKED GAMMA ACTIVITY OR
THETA:GAMMA PHASE COUPLING
REFLECTS PREDICTIVE CODING?
Ways of investigating predictive coding are using a visuospatial
attentional cueing task or by comparing match and non-match
trials in a delayed match-to-sample task. With these paradigms
the above described effects of transient theta:gamma phase
coupling have been obtained (Sauseng et al., 2008; Holz et al.,
2010).
However, predictive coding may derive from both short-
and long-term learning in visual search (e.g., Conci et al.,
2012 for an overview). One elegant way of how predictive
coding can be investigated is the repeated presentation of target-
distractor configurations in a visual search task in the so-called
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contextual cueing paradigm (Chun and Jiang, 1998; Geyer et al.,
2010a,b; Zellin et al., 2014). The typical finding in contextual
cueing is that visual search performance is facilitated in
repeated configurations, compared to random target-distractor
configurations due to implicit perceptual memory of previously
presented search arrays. Geyer et al. (2012) were able to show that
memory processes leading to contextual cueing rely on medial
temporal lobe (MTL) functions.
Of relevance here is that this form of predictive coding is
not so much relying on the matching of semantic long-term
information with sensory input as suggested in the MUM.
Neither does it require maintenance of an explicit mental
template in working memory as suggested in the theoretical
framework put forward by Sauseng et al. (2010). Nevertheless, a
mental template of target-distractor configurations will be stored
in memory, however, without explicit access [and in contrast to
paradigms used in (Sauseng et al., 2008) and (Holz et al., 2010)
the template will be stored in long-term rather than working
memory]. Therefore, what would one expect to be the brain
oscillatory correlate of matching such a mental template with
visual information in a visual search task? Evoked early gamma
activity or rather cross-frequency phase synchronization between
theta and gamma activity? To answer this question we first
need to discuss brain oscillatory signatures of MTL mnemonic
processes.
Theta and gamma activity have both been reported major
oscillatory phenomena in the MTL (see Buzsaki, 2006; Lisman
and Jensen, 2013; Draguhn et al., 2014). Coherent gamma
oscillations have mainly been reported within the MTL (i.e.,
Fell et al., 2001, 2002). And although there is good evidence of
coherent theta activity within the hippocampal formation (see
Fell et al., 2003), synchronous theta oscillations between theMTL
and the neocortex (particularly prefrontal cortex; Klimesch, 1996;
Siapas et al., 2005; Mitchell et al., 2008; Young and McNaughton,
2009) can be found. Consequently, if contextual information
stored in the MTL is used in visual search, this information
is more likely propagated into the prefrontal cortex via MTL-
neocortical theta than gamma networks. Already paced at theta
frequency such top-down information could then, as suggested
by Sauseng et al. (2010), be transferred to visual areas via
fronto-parietal theta networks. Note that context information
may be replayed into prefrontal structures because these areas
are involved in maintenance of implicit information from MTL
memory (e.g., Annac et al., 2013). The main finding of Annac
et al. was that implicit contextual cueing vanished when the visual
search task was performed concurrently with a secondary spatial
working memory task, suggesting that contextual cueing requires
working memory resources. In higher visual cortex, top-down
predictions would then be matched with bottom-up information
by theta:gamma phase synchronization. Following the MUM one
might rather expect that bottom-up information is matched with
gamma activity already at the level of the MTL. This would make
it difficult to impact back on visual cortex in a visual search task,
however.
CONCLUSION
We conclude that in visual search, predictive coding seems
to be reflected by transient coupling of slow oscillations (at
theta frequency), alongside more distributed cortical activity, and
high frequency oscillatory brain activity occurring particularly in
visual areas. Evoked gamma activity as a signature of predictive
coding is very compelling in visual perception of semantically
congruent information (Herrmann et al., 2004). However, it
might not be the most plausible neural correlate of predictive
coding in a selective attention task, i.e., in spatial cueing and
visual search.
AUTHOR CONTRIBUTIONS
All four authors were involved in the conceptualization of the
topic, the preparation and writing of the manuscript. And all four
authors have approved submission of the paper.
FUNDING
This research has been supported by the Deutsche
Forschungsgemeinschaft DFG (SA 1872/2-1).
REFERENCES
Annac, E., Manginelli, A. A., Pollmann, S., Shi, Z., Müller, H. J., and Geyer, T.
(2013). Memory under pressure: secondary-task effects on contextual cueing of
visual search. J. Vis. 13, 6–15. doi: 10.1167/13.13.6
Axmacher, N., Henseler, M. M., Jensen, O., Weinreich, I., Elger, C. E., and Fell,
J. (2010). Cross-frequency coupling supports multi-item working memory in
the human hippocampus. Proc. Natl. Acad. Sci. U.S.A. 107, 3228–3233. doi:
10.1073/pnas.0911531107
Bastos, A. M., Vezoli, J., Bosman, C. A., Schoffelen, J.-M., Oostenveld, R.,
Dowdall, J. R., et al. (2015). Visual areas exert feedforward and feedback
influences through distinct frequency channels. Neuron 85, 390–401. doi:
10.1016/j.neuron.2014.12.018
Bruns, A., and Eckhorn, R. (2004). Task-related coupling from high to
low frequencz signals among visual cortical areas in human subdural
recordings. Int. J. Psychophysiol. 51, 97–116. doi: 10.1016/j.ijpsycho.2003.
07.001
Buzsaki, G. (2006). Rhythms of the Brain. Oxford: Oxford University Press.
Canolty, R. T., Edwards, E., Dalal, S. S., Soltani, M., Nagaraian, S. S., Kirsch, H. E.,
et al. (2006). High gamma power is phase-locked to theta oscillations in human
neocortex. Science 313, 1626–1628. doi: 10.1126/science.1128115
Chun, M. M., and Jiang, Y. (1998). Contextual cueing: implicit learning and
memory of visual context guides spatial attention. Cogn. Psychol. 36, 28–71. doi:
10.1006/cogp.1998.0681
Conci, M., Elliott, M. A., Müller, H. J., Wendt, J., and Becker, C. (2004).
The dynamics of operations in visual memory: a review and new evidence
for oscillatory priming. Exp. Psychol. 51, 300–310. doi: 10.1027/1618-3169.
51.4.300
Conci, M., Zellin, M., and Müller, H. J. (2012). Whatever after next? Adaptive
predictions based on short- and long-term memory in visual search. Front.
Psychol. 3:409. doi: 10.3389/fpsyg.2012.00409
Desimone, R., and Duncan, J. (1995). Neural mechanisms of
selective visual attention. Ann. Rev. Neurosci. 18, 193–222. doi:
10.1146/annurev.ne.18.030195.001205
Draguhn, A., Keller,M., and Reichinnek, S. (2014). Coordinated network activity in
the hippocampus. Front. Neurol. Neurosci. 34, 26–35. doi: 10.1159/000357026
Frontiers in Psychology | www.frontiersin.org 3 October 2015 | Volume 6 | Article 1655
Sauseng et al. Predictive coding in visual search
Eckhorn, R., Gail, A., Bruns, A., Gabriel, A., Al-Shaikhli, B., and Saam, M. (2004).
Neural mechanisms of visual associative processing. Acta Neurobiol. Exp. 64,
239–252.
Engel, A. K., Fries, P., and Singer, W. (2001). Dynamic predictions: oscillations
and synchrony in top-down processing. Nat. Rev. Neurosci. 2, 704–716. doi:
10.1038/35094565
Fell, J., Klaver, P., Elfadil, H., Schaller, C., Elger, C. E., and Fernández, G. (2003).
Rhinal-hippocampal theta coherence during declarative memory formation:
interaction with gamma synchronization? Eur. J. Neurosci. 17, 1082–1088. doi:
10.1046/j.1460-9568.2003.02522.x
Fell, J., Klaver, P., Elger, C. E., and Fernández, G. (2002). The interaction
of rhinal cortex and hippocampus in human declarative memory
formation. Rev. Neurosci. 13, 299–312. doi: 10.1515/REVNEURO.2002.
13.4.299
Fell, J., Klaver, P., Lehnertz, K., Grunwald, T., Schaller, C., Elger, C. E., et al.
(2001). Human memory formation is accompanied by rhinal–hippocampal
coupling and decoupling. Nat. Neurosci. 4, 1259–1264. doi: 10.1038/
nn759
Fries, P., Nikoliæ, D., and Singer, W. (2007). The Gamma cycle. Trends Neurosci.
30, 309–316. doi: 10.1016/j.tins.2007.05.005
Friese, U., Köster, M., Hassler, U., Martens, U., Trujillo-Barreto, N., and
Gruber, T. (2013). Successful memory encoding is associated with increased
cross-frequency coupling between frontal theta and posterior gamma
oscillations in human scalp-recorded EEG. Neuroimage 66, 642–647. doi:
10.1016/j.neuroimage.2012.11.002
Friston, K. (2005). A theory of cortical responses. Philos. Trans. R. Soc. B 360,
815–836. doi: 10.1098/rstb.2005.1622
Geyer, T., Baumgartner, F., Müller, H. J., and Pollmann, S. (2012). Medial
temporal lobe-dependent repetition suppression and enhancement due to
implicit vs. explicit processing of individual repeated search displays. Front.
Hum. Neurosci. 6:272. doi: 10.3389/fnhum.2012.00272
Geyer, T., Shi, Z., andMüller, H. J. (2010a). Contextual cueing in multiconjunction
visual search is dependent on color- and configuration-based intertrial
contingencies. J. Exp. Psychol. Hum. Perc. Perf. 36, 515–532. doi:
10.1037/a0017448
Geyer, T., Zehetleitner, M., andMüller, H. J. (2010b). Contextual cueing of pop-out
visual search: when context guides the deployment of attention. J. Vis. 10, 1–11.
doi: 10.1167/10.2.3
Griesmayr, B., Berger, B., Stelzig-Schoeler, R., Aichorn, W., Bergmann, J., and
Sauseng, P. (2014). EEG theta phase coupling during executive control of visual
working memory investigated in individuals with schizophrenia and in healthy
controls. Cogn. Affect. Behav. Neurosci. 14, 1340–1355. doi: 10.3758/s13415-
014-0272-0
Griesmayr, B., Gruber, W. R., Klimesch, W., and Sauseng, P. (2010). Human
frontal midline theta and ist synchronization to gamma during a verbal
delayed match to sample task. Neurobiol. Learn. Mem. 93, 208–215. doi:
10.1016/j.nlm.2009.09.013
Herrmann, C. S., Munk, M. H., and Engel, A. K. (2004). Cognitive functions
of gamma band activity: memory match and utiliztion. Trends Cogn. Sci. 8,
347–355. doi: 10.1016/j.tics.2004.06.006
Holz, E. M., Glennon, M., Prendergast, K., and Sauseng, P. (2010). Theta-gamma
phase synchronization during memory matching in visual working memory.
Neuroimage 52, 326–335. doi: 10.1016/j.neuroimage.2010.04.003
Huang, Y., and Rao, R. P. N. (2011). Predictive coding. WIREs Cogn. Sci. 2,
580–593. doi: 10.1002/wcs.142
Jensen, O., and Colgin, L. L. (2007). Cross-frequency coupling between
neuronal oscillations. Trends Cogn. Sci. 11, 267–269. doi: 10.1016/j.tics.2007.
05.003
Jirsa, V., and Müller, V. (2013). Cross-frequency coupling in real and virtual
brain networks. Front. Comput. Neurosci. 7:78. doi: 10.3389/fncom.2013.
00078
Kamiñski, J., Brzezicka, A., and Wróbel, A. (2011). Short term memory capacity
(7± 2) predicted by theta to gamma cycle length ratio. Neurobiol. Learn. Mem.
95, 19–23. doi: 10.1016/j.nlm.2010.10.001
Klimesch, W. (1996). Memory processes, brain oscillations and EEG
synchronization. Int. J. Psychophysiol. 24, 61–100. doi: 10.1016/S0167-
8760(96)00057-8
Köster, M., Friese, U., Schöne, B., Trujillo-Barreto, N., and Gruber, T. (2014).
Theta-gamma coupling during episodic retrieval in the human EEG. Brain Res.
1577, 57–68. doi: 10.1016/j.brainres.2014.06.028
Lisman, J. E., and Jensen, O. (2013). The theta-gamma neural code. Neuron 77,
1002–1016. doi: 10.1016/j.neuron.2013.03.007
Mitchell, D. J., McNaughton, N., Flanagan, D., and Kirk, I. J. (2008). Frontal-
midline theta from the perspective of hippocampal “theta”. Prog. Neurobiol. 86,
156–185. doi: 10.1016/j.pneurobio.2008.09.005
Olivers, C. N., Peters, J., Houtkamp, R., and Roelfsema, P. R. (2011). Different
states in visual working memory: when it guides attention and when it does
not. Trends Cogn. Sci. 15, 327–334. doi: 10.1016/j.tics.2011.05.004
Sarnthein, J., Petsche, H., Rappelsberger, P., Shaw, G. L., and von Stein, A. (1998).
Synchronisation between prefrontal and posterior association cortex during
human working memory. Proc. Natl. Acad. Sci. U.S.A. 95, 7092–7096. doi:
10.1073/pnas.95.12.7092
Sauseng, P., Giesmayr, B., Freunberger, R., and Klimesch, W. (2010). Control
mechanisms in working memory: a possible function of EEG theta oscillations.
Neurosci. Biobehav. Rev. 34, 1015–1022. doi: 10.1016/j.neubiorev.2009.
12.006
Sauseng, P., and Klimesch, W. (2008). What does phase oscillatory brain activity
tell us about cognitive processes? Neurosci. Biobehav. Rev. 32, 1001–1013. doi:
10.1016/j.neubiorev.2008.03.014
Sauseng, P., Klimesch, W., Gruber, W. R., and Birbaumer, N. (2008). Cross-
frequency phase synchronisation: a brain mechanism of memory matching
and attention. Neuroimage 40, 308–318. doi: 10.1016/j.neuroimage.2007.
11.032
Sauseng, P., Klimesch, W., Heise, K. F., Gruber, W. R., Holz, E., Karim, A. A., et al.
(2009). Brain oscillatory substrates of visual short-termmemory capacity. Curr.
Biol. 19, 1846–1852. doi: 10.1016/j.cub.2009.08.062
Seth, A. K., Suzuki, K., and Critchley, H. D. (2012). An interoceptive
predictive coding model of conscious presence. Front. Psychol. 2:395. doi:
10.3389/fpsyg.2011.00395
Siapas, A. G., Lubenov, E. V., and Wilson, M. A. (2005). Prefrontal phase
locking to hippocampal theta oscillations. Neuron 46, 141–151. doi:
10.1016/j.neuron.2005.02.028
Singer, W., and Gray, C. M. (1995). Visual feature integration and the
temporal correlation hypothesis. Ann. Rev. Neurosci. 18, 555–586. doi:
10.1146/annurev.ne.18.030195.003011
Singer, W. (2009). Distributed processing and temporal codes in neuronal
networks. Cogn. Neurodyn. 3, 189–196. doi: 10.1007/s11571-009-9087-z
Spaak, E., Fonken, Y., Jensen, O., and de Lange, F. P. (2015). The
neural mechanisms of prediction in visual search. Cereb. Cortex. doi:
10.1093/cercor/bhv210. [Epub ahead of print].
Staudigl, T., and Hanslmayr, S. (2013). Theta oscillations at encoding mediate
the context-dependent nature of human episodic memory. Curr. Biol. 23,
1101–1106. doi: 10.1016/j.cub.2013.04.074
Summerfield, C., Egner, T., Greene, M., Koechlin, E., Mangels, J., and Hirsch,
J. (2006). Predictive codes for forthcomng perception in the frontal cortex.
Science 314, 1311–1314. doi: 10.1126/science.1132028
von der Malsburg, C. (1999). The what and why of binding: the modelers
perspective. Neuron 24, 95-104, 111–125. doi: 10.1016/s0896-6273(00)
80825-9
von Stein, A., Chiang, C., and König, P. (2000). Top down processing by
interareal synchronisation. Proc. Natl. Acad. Sci. U.S.A. 97, 14748–14753. doi:
10.1073/pnas.97.26.14748
von Stein, A., Rappelsberger, P., Sarnthein, J., and Petsche, H. (1999).
Synchronisation between temporal and parietal cortex during multimodal
object processing in man. Cereb. Cortex 9, 137–150. doi: 10.1093/cercor/
9.2.137
von Stein, A., and Sarnthein, J. (2000). Different frequencies for different
scales of cortical integration: from local gamma to long range alpha/theta
synchronization. Int. J. Psychophysiol. 38, 301–313. doi: 10.1016/S0167-
8760(00)00172-0
Yago, E., Duarte, A., Wong, T., Barceló, F., and Knight, R. T. (2004). Temporal
kinetics of prefrontal modulation of the extrastriate cortex during visual
attention. Cogn. Affect. Behav. Neurosci. 4, 609–617. doi: 10.3758/CABN.
4.4.609
Frontiers in Psychology | www.frontiersin.org 4 October 2015 | Volume 6 | Article 1655
Sauseng et al. Predictive coding in visual search
Young, C. K., and McNaughton, N. (2009). Coupling of theta oscillations
between anterior and posterior midline cortex and with the hippocampus
in freely behaving rats. Cereb. Cortex 19, 24–40. doi: 10.1093/cercor/
bhn055
Zellin, M., von Mühlenen, A., Müller, H. J., and Conci, M. (2014). Long-term
adaptation to change in implicit contextual learning. Psychon. Bull. Rev. 21,
1073–1079. doi: 10.3758/s13423-013-0568-z
Zheng, C., and Colgin, L. L. (2015). Beta and gamma rhythms go
with the flow. Neuron 85, 236–237. doi: 10.1016/j.neuron.2014.
12.067
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2015 Sauseng, Conci, Wild and Geyer. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 5 October 2015 | Volume 6 | Article 1655
